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IXVESTIGATIOEOFWING-TIPAILEKOES

ONA 51.30SWEPTHACKWING AT ‘I!RAHSONICSPEEDS

BY TEETRANSONIC-BUMPMETHOD

I&William

An investigation

C.Moseley,Jr.,andJamesM. Watson

SUMMARY

todeterminetheaerodynamiccharacteristicsof
deflectablewing-tipaileronsona sweptbackwingwasmadeinthe
Langleyhigh-speed7- by 10-foottunnelby meansof thetransonic-bump
technique.Thebasicwingusedinthisinvestigationhad51.3°sweep-
backat theleadingedge,an aspectratioof 2.87,anda taperratio
of 0.51. Threeaileronswereinvestigated,onewiththebasic-wing
planformandtwowithan extended-tipplanform. Theaileronas tested
onthebasicwingwastriangularinplanformandwasdeflectedabouta
hingeaxisnormalto theleadingedgeofthewing. Withtheextended-
tip-wingplanform,oneaileronwasobtainedby deflectingthetriangu-
larextended-tipareaabouta s-wise axisthroughthe0.50-tip-chord
stationofthebasicwing,whiletheother,a trapezoidalaileron,was
obtainedby deflectingtheareaofthewingaftofa spmwiseaxis
throughthe0.50-tip-chordstationof thebasicwing.‘TheReynolds
numberofthetests~ried fromabout1,000,000to about1,450,000.

Thedataindicatedthateitherailerontestedwiththeextended-
tip-wingplanformprovidedlateralcontrolovertheentireMch number
rangeinvesti~ted,exceptpossiblyatveryhighanglesofattack.The
aileronwithinthebasic-wingplanformprovidedcontrolup toa Kch
numberof 0.90buthadlargelossesin controleffectivenessbetween
Machnumbersof 0.90and1.03.

INTRODUCTION

TheNationalAdvisoryCommitteeforAeronauticsiscurrentlymaking
extensiveinvestigationsofvariousdevicesinan attemptto findone
thatwillprovideadequatelateralcontrolthroughoutthes~ed range.
Onesuchdetice,thedeflectablewing-tipaileron,hasbeeninvestieted!,-
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andfoundadequateat lowspeeds(references1 to 3). A preltih=y
investigation(reference4)ofa triangularwing-tipaileronona
42°sweptbackwinghasindicatedthattheextended-tiptw of lateral- .
controldeviceholdspromiseatbothsubsonicandtransoni.cspeeds.
TIEpresentinvestigation,utilizingthetz=isonic-bumpmethod,-s ~de
inthekngleyhigh-speed7- by 10-foottunneltoevaluatethelateral
controlcharacteristicsof severaltipaileronsona 5J.30sweptback
wingthroughthetransonicspeedrange.Threeaileronswereinvestigated:
onewasa wingtipdeflectableaboutanaxi:.normqlto theleadingedge
(reference1);onewasa triangulartipaddedtothebasicwing(refer-
ences2 to 4);andthethird,utilizingtheextended-tiparea,wasa
trapezoidal-shapedtrailing-edgeaileronobtainedby deflectingthe
arearearwardofa spanwiseaxisthroughthe“0.50-tip-chordstationof
thebasicwing.

COEFTZCXPXTSm SYMBOLS
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liftcoefficient(Twiceliftofsemispanmodel/qS)

dragcoefficient(Twicedragof semis~nmodel/qS)

pitching-momentcoefficientreferre”dto 0.2Z
(T%icepitchi.ngmomentofsemi.syanmodel/qS@.-

yawing-momentcoefficient,onecontroldeflected(N/qSb)

rolling-momentcoefficient,onecontroldeflected(L/qSb)

incrementaldxagcoefficientresultingfromdeflectionof
oneaileron ..

,

effectivedynamicpressureoverspanofmodel,poundsper
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squarefoot ~

,

twicewingareaof semispanmodel;forbasicwing,
0.2064squarefoot,andforwingwithextendedtip,
0.2328squarefoot
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meanaerodynamicchord[: r“ c%); for..Sicwing>
\“ Jo /

0.278foot,andforwingwithextendedtip,0.260foot

localwingchord,feet

s~nwisedistancefromplaneofsymmetry,feet

massdensityofair,slugspercubicfoot

averagefree-streamairvelocity,feetpersecond

effectivehkchnumberoversw ofmodel

averagechordwiseMachnumber

localMachnumber

Reynoldsnumberofwing,basedonV

angleofattack,degrees

ailerondeflectionrelativetowing-chordplane,measured
perpendiculartoaileronhingesxis(rightwingP.el;
positivewhentrailingedgeisdown),degrees

rollingmoment,resultingfromailerondeflection,aboutplane
of symmetry,foot-pounds

yawingmoment,resultingfromailerondeflectionreferredto
O.~at planeof symmetry,foot-pounds

()
b’

wingaspectratio ~ ; forbasicwing,2.87,andforwing

withextendedtip,4.83

(m)cL = O dragcoefficientat zerolift
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Thesubscripto~tsidetheparenthesesindicatesthefactorheld
constantduringthemeasurementoftheparametersintheticinltyof

.a= O*’or 8=0°.

MODELANDAPPARATUS

Thebasicsemispanwinghad51.3°of *eepbackat theleadingedge,
a taperratioof 0.51, anaspct ratioof2.87,a thickness-chordratio

—.

of8.3psrcent,andan ~ 641-01.2airfoilsectionperpendicularto
the0.556-chordline.A drawingofthebasic-wingmodelmountedonthe
transonicbumpisshuwninfigure1. Thegemis~ wingwithextended-
tipplanformwasobtainedby extendingthe,leadingedgeto intersecta
lineperpendiculartothetip-chordlineat thetrai~ingedgeofthe
tipchord.A sketchof themodelwithextepdedtip:6showninfigure2.
Theexten&d-tipwinghad51.3°sweepbackat thelead~ngedge,an”as@ct
ratioof 4.83,andan NACA641-012airfoil~ection~rpendicul.arto
the0.556-.chordline.Theextended-tipsectionwas~eneratedbystraight
‘lineelementsfromthetiptotheairfoilsectionat thetipofthe ‘. -
basicwing. Thebasicwingwasmadeofberyllium-copperandbismuth-
tinalloys,whiletheextendedtipsweremadeofbras_s.

Threeaileronswereusedduringthepresentinvestigation,onewith
thebasic-wingplanformandtwowiththeextended-tip-wingplanform.
Theaileronusedonthebasicwingwastriangularinplanformandwas
deflectedabouta hingeaxisperpendiculartothelead$ngedgeofthe
wing(fig.1). Oneaileronusedwiththeextended-tip-wingplanform
wasobtainedby deflectingthetriangularextendedtipareaabouta ‘“
s~nwiseaxisthroughthe0.50-tip-chord,stationof thebasicwing
(fig.2(a)),whiletheotherwasobtainedby deflettingtheareaof
thewingaftofa spmwiseaxisthroughthe0.50-tip-chordstationof

.
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thebasicwing(fig;2(b)). .,, . ,....._ ..
-. ---

Themodelwasmountedtiically onan electricalstrain-gage
balanceenclosedwithinthebump,andthewinglift,drag,pitching

—

moment,yawingmoment,androllingmomentwererecordedby calibrated
electricalpotentiometers.Thebalancechamberwassealedexceptfor d
a rectangular
~ssed. This
undersurface

clearanceholethroughwhichthemodelbuttexten~ion
holewassealedby a sponge-rubbersealmountedonthe

.
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TESTTECHNIQUE

ThetestsweremadeintheIangleyhigh-speed7-by 10-foottunnel
by mesm of thetransonic-bmuptechnique;thatis,t~emodelwastested
inthelocalhigh-speedregionobtainedoverthecurvedsurfaceof’a
bumpmountedonthefloorofthetunnel(reference7).

TypicalcontoursshowingtheKch numberdistributionoverthe
bumpinthevicinityof themodelarepresentedinfigure3. The
effectivetestMachnumberwasobtainedfromcontourchartssimilarto
figure3 by useoftherelationship

Itmaybenotedthattheailerons,beingat thewingtip,we= located
ina regionwherethelocalMachnumberwas”asmuchas O.@”lowerthan
theeffectivetestMSchnumber.No attemfiwasmadetoevaluatethe
effectof thisMachnumbervariationonthedata.

Forceandmomentdatawereobtainedthrougha Machnumberrangeof
0.6Qto 1.15andan angle-of-attackrangeof -16°0to160. Theailerons
wereinvestigatedthrougha deflectionrangeofO to470. Thevaria-
tion ofaverage
investigatedis

Reynoldsnumberwith~ch
presentedin figure4.

numberforthetwomodels-s

CORRECTIONS

Theliftandpitchingmomentsrepresentdataforthecompletewing—
withcontrolsmountedonbothsemis~ns.Thedrag,rollingmoments,a%
yawingmomentspresentedhereinrepresenttheincrementaleffectson
thecompletewingproduced,by thedeflectionof’thecontrolon onlyone
semispanofthecompletewing. No reflection-planecorrectionswere
appliedto thedata,sinceno correctionsareavailableforthistypeof
controlconfiguration;however,correctionsas appliedto conventional,
wing-aileronconfigurationsat lowspeedindicatethattherolling-
momentcoefficientswouldnotbe reducedby morethsm10Percent.

DISCUSSION

Thelongitudinalaerodynamiccharacteristicsofthebasicwingand
thewingwithexten~dtiparepresentedinfigure5 forthree

~-
--
. ==
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representativeMachnumbersandaresummarized,infi.gure6.Theangle
ofattackandpitching-momentcoefficientplot$edagainstliftcoeffi-
cientweregenerallylinearfrom CL = -0.2 to CL = 2iandslopeswere
takenwithinthisrange.Thedatashowthatthewingwithextendedtip
hasa slightlyhigherlift-curveslopeC~, whichcanbeattributedto

theincreasedaspct ratioandimprovedflowOZthewingwithextended
tip. Asymmetryofthedragdata,figure5, canbe attributedto inac-
curaciesofmodelconstructionandto crossfl’woverthebump. Itmay
be notedthatthedragat zeroliftwouldbe slightlylowerifthedrag
titswereentirelysymmetric.Thepitching-ornentdata.ofthebasic
wingindicatethatthewingwasstableat lowliftcoef~icieqtp(between”
CL = -0.4 and CL= 0.4)withen unstablebreakat liftcoefficie~ts‘_
above CL=-0.5.Thewingwithextendedtipwasstableat lowlift
coefficientsbuthadan unstablebreakat about CL = O*4.

Therewaslittlechangeinlift-curveslopeas the_~chnumberwas
increased(fig.6). Thedataindictite~a Shaq increaseindragat
CL = O betweenM = 0.95 and M=l.00. Theaerodynamiccenterof the
basicwingwasabout0.27Eupto M = 1.00 andincreasedto 0.3~ at
M = 1.15;forthewingwithextendedtiptheaerodynamiccenterwas
0.36Eat M= 0.60,decreasedto 0.30~at M = 1.00, andincreasedto
0.43Fat M = 1.15 (fig.6). .

Theaerodynamiccharacteristicsplottedagainstco~troldeflection
foreach~ch numberinvestigatedarepresen%din figure7 forthe
triangulardeflectable-tipailerononthebasicwing,figure8 forthe
triangulardeflectable-tipailerononthew~q ~ith.extendedtiP?and _..
fighre9 forthetrapezoidaltrailing-edgeailerononthewingwith
extendedtip. -~ ,.—-

Theaileronsproducedchangesinliftandpitchingmomentthroughout
theMachnumberrangeinvestigatedexceptat highanglesofattack,and
thesevariationsof liftandpitchingmomentwithailerondeflection
weregenerallylinearat deflectionsup to 5 ‘=i15°.

Thevaluesofincremental-dragcoefficientat a specificaileron
deflectiongenerallyincreasedwithincreaseinhkchnumberupto
M = 1.05 anddecreasedslightlyfrom M = 1.05 to M = 1.15.

Therolling-momentdataforthetriangularailerononthebasic
wing,figure7, indicatedthattheaileronwasgenerallyeffectivein
producingrollat Machnumbersbelow M = 0.90,butexperienceda large”-
reductionineffectivenessbetweenM = 0.90 and M = 1.03. Theaileron
wasagaineffectiveabove M = 1.03(fig.10)..
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Therollhg-momentdataforthetriangularailerononthewing
withtheextendedtip,figure8, indicatethata reductioninrolling
momentoccurredforpositiveailerondeflectionsat positiveangles“of
attack.As theMachnumberwas increased,thisreductioninrolling
momentbecamemoreapparent,~rtfcularly-atMachnumbersabove M = 1.00.
Similareffectsofreductionofaileroneffectivenessat highpositive
valuesof a and 5 wereexhibitedby thelow-speeddataofreference2
andcanpossiblybe attributedtotipstallor interferenceeffects
betweenthedeflectedtipandthewing. Thedataof figure9 forthe
wingwiththeextendedtipwiththeparallelogramaileronshowedthat
theaileronwaseffectiveinproducingrollforailerondeflectionsup
tob= +150 at allanglesofattackttiou@outtheMachnumberrange
investigated.A reductioninrollingeffectivenessoccurredathigher
positiveornegativeailerondeflecticms.

Assumingequalailerondeflections,the~ing-monm?nt*ta forthe
variousaileronconfigurationstivestigated(figs.7 to 9)weregenerally
adversethroughouttheMachnumberrangeinvestigatedandbecamemore
adversewithincreaseinangleof’attackandailerondeflection.At
higherdeflections,theadverse~ CZ

,/
ratiowasas highas 0.6forall

aileronsinvestigated.

Thecontrol-effectiveness~rameterspresentedagainstKch number ___
forthethreeaileronsinvestigatedwereobtainedfromfigures7 to9
andareshowninfigure10. Theaerodynamiccharacteristicsofthethree
aileronsinvestigatedweregenerallylinearfrom 5 = 15° to b = -15°
andtheslopespresentedwereobtainedwithinthisrangeat u = OO.

LifteffectivenessCL5 andpitching-momenteffectivenesscm~ for

thetriangularailerononthebasicwingwerealmostconstantupto hi@-
subsonicspeeds(M= 0.90)anddecreasedsharplyto M = 1.00;forthe
triangularaflerononthewingwithextendedtip, cL~ increasedup$0

M = 1.00 anddecreasedabove M = 1.00,and Cmb wasalmostconstant

up to M = 1.00 andincreasedsharplyatM = 1.00. Theparameters
CLb ~d Cmb forthetrapezoidalaileronwere almostconstantthrough-

outtheMachnumberrange. 9

Therolling-momentparameterc26 foreachaileronwasgenerally

constantwithincreaseinMachnumberexceptfora largelossineffec-
tivenessinthetransonicspeedrangeforthetriangularailerononthe
basicwing.

Thetrapezoidalailerononthewingwithextendedtipgavethemost
favorableCL8, CmB> =d %8 andthe~lues changedonlyslightly

withincreaseinMachnumber.

--.

.
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CONCLUSIONS

An investigationthroughthetransoni.c
tipailerons,ona 51.3°sweptbacksemis~n

speedrangeofthreewing-
wlng,wasmadeinthe

Langleyhigh-speed7-by 10-foottunnel.~results oftheinvestiga-
tionindicatethefollowingconclusions:

1.Thetriangularwing-tipailerontestedonthebasicwingprovided
lateralcontrolatMachnumbersup to 0.90,butexperienceda largeloseI
in controleffectivenessbetweenMachnumbersof 0.90and1.03.

2.Thetriangularandtrapezoidalwing-tipaileronstestedonthe
extended-tipwingprovidedlateralcontrolo~r theentireMachnumber
range,exceptatveryhighmgles ofattack>wherether~l~ingeff@cti~-“
nesswasappreciablyreduced. —.

7

3. Assumingequalailerondeflectionstheyawingmomentsresulting
fromailerondeflectionforallwing-tipaileronsinvestigatedwere
generallyadversethroughouttheMachnumberrangeinvestigated.

LangleyAeronauticalLaboratory
NationalAdvisoryCommitteeforAeronautics”

IangleyField,Va.
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tipwithtriangularandtrapezoidalailerone.’(Alldimensionsareti
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Lift coefficient,CL
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(b) M = 1.00..

Figure~.-Continued.
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Figure7.- Continued.
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